質量選択・レーザー多重共鳴振動分光法の開拓による水和ネットワーク構造研究 by 三上  直彦
質量選択・レーザー多重共鳴振動分光法の開拓によ
る水和ネットワーク構造研究








































































































㌔,吉㌔㌣ 粟 　 島 嘗 一～ト.㌫藷zt雪
1　　‥∴.
"{;


















































































































研究支援者諸氏-土肥敦之博士､ Dr. Eman EトNasr､ Dr. V. Venkatesan､中嶋直樹氏､お
よび協力研究者-Dr. Naresh G. Patwari (ⅠIT, Bombay) ､都築誠二博士(産総研) ､Dr. Jer-La主














































1. A Molecular Cluster Study on Activated CH/n Interaction: In舟ared Spectroscopy of Aromatic
Molecule-Acetylene Clusters,Asuka Fujii, So-ichi Morita, Mitsuhiko Miyazaki, TAkayuki Ebata,
and Naohiko Mikami, J. Phys. Chem., A 108, 265212658 (2004).
2. In丘ared Specrtroscopy of Size-Selected Benzene-Water Cluster Cations 【C6H6-(H20)n】+ (n-1 -23):
Hydrogen Bond Network Evolutionand Microscopic Hydrophobicity, Mitsuhiko Miyazaki,Asuka
Fujii, TAkayuki Ebata,and Naohiko Mikami, J. Phys. Chem., A 108, 10656-10660 (2004).
3. Electronic spectroscopy of ben訟ne-Water Cluster cations, 【C6H610120)n】+ (n=1 -4): Spectroscopic
evidence for phenyl radical formation throughsize-dependent intracluster proton transfer reactions,
Mitsuhiko Miyazaki,Asuka Fujii, Thkayuki Ebata,and Naohiko Mikami, Chem. Phys. Letts,, 399,
412-416 (2004).
4. Picosecond lR-UV pump-probe spectroscopIC Study of the ･dynamics of the vibrational
-　relaxation ofjet-cooled phenol. I. Intramolecular vibrational energy redistribution of the OHand
CH stretching vibrations of bare phenol, Yuji Yamada, Takayuki Ebata, Masakam Kayan0, and
Naohiko Mikami, J. Chem. Phys., 120 (16), 740017409 (2004).
5. Picosecond IR･UV pump-probe spectroscopic study of the dynamics of the vibrational rehxation of
jet-cooled phenol. II. Intracluster vibrationalenergy redistribution of the OH stretching vibrations of
hydrogen-bonded phenol, MasakaZu Kayano, Takayuki Ebata, Yuji Yamada, and Naohiko Mikami,
J. Chem. Phys., 120 (16), 7410-7417 (2004).
6. Characteristic distributions of negatively charged N-monosubstituted amide clusters generated by
electron attachment in super sonic expansions, Toshihiko Maeyamaand Naohiko Mikami, PhysI
Chem. Chem. Pkys., 6, 2725-273 1 (2004).
7. In舟ared Spectroscopic Evidence for Protonated Water Clusters forming Nanoscale Cages,
Mitsuhiko Miyazaki,Asuka Fujii, Takayuki Ebata,and Naohiko Mikami, Science, 304, 1 1 34-1 137
(2004).
8. A direct experimental evidence for an aromatic C-H…O hydrogen bond byfluorescence　-detected
in舟ared spectroscopy, V. Venkatesan,Asuka Fujii, Takayuki Ebata,and Naohiko Mikami, Chem.
Pkys. Left., 394, 45-48 (2004).
9. Fluorescence, REMPI, hole-burning, and FDIR spectroscopy of prar･cyanophenol-water complex,
N. Biswas, Sanjay WategaonkaJT, Tbkeshi WatBulabe, Takayuki Ebata, and Naohiko Mikami, Chem.
Pkys. LeL1., 394, 61 -67 (2004).
10. Binding energy of the benzene-water cluster cations: An Ar-mediated IR photodissociation study,
Mitsuhiko Miyazaki,Asuka Fujii, and Naohiko Mikami, J. Pkys. Chem.,A 108, 8269-8272 (2004).
1 1. Real-time detection of doorway states in theintramolecular vibrational energy redistribution of the
OH/OD stretch vibration of phenol, Yuji Yamada, Naohiko Mikami, and Thkayuki Ebata, J. Chem.
Phys., 121 (23), 1 1530-1 1534 (2004).
1 2. Morphology ofprotonated methanol clusters: An in舟訂ed spectroscopic study of hydrogen bond
networks of H'(CH30H)A (n-4- 1 5),Asuka Fujii, Satoko Enomoto, Mitsuhiko Miyazaki, and
Naohiko Mikami, J. Phys. Chem., A 109 (1), 138-141 (2005).
13. In舟ued and ab imitio studies on 1 ,2,4,5,-tetranuorobenzene clusters with methanoland
2,2,2-trinuoroethanol: Presenceand absence ofanaromatic C-H... 0 hydrogen bond, V. Venkatesan,
Asuka Fujii, Thyuki Ebata, and Naohiko Mikami, J. Phys. Chem., A 109 (5), 915-921 (2005).
1 4. Laser spectroscopIC Investigation of salicylic acids hydrogen-bonded withwater in supersonic jets:
microsolvation effects for excited state proton dislocation, EmanAbd El･HakamAbou El-Nasr,
Asuka Fujii, ToruⅦh喝i, Thkayuki Ebata,and Naohiko Mikami, J. Pkys. Chem.. A 109 (I 1),
2498-2504 (2005).
1 5･ First observation of the BIAI State Of SiH2 and SiD2 radicals by optical-opticaldouble resonance
spectroscopy, Yasuhiko Muramoto, Haruki Ishikawa,and Naohiko Mikami, J. Chem. Pkys., 122
(15), 154302-1-8 (2005).
1 6. In舟ared and ultraviolet laser spectroscopy of jet-cooled substituted salicylic acids: substitution
effects onthe excited state intramolecular proton transfer in salicylic acid, EmanAbd El-Hakam
Abou El-Nasr,Asuka Fujii, Thkayuki Ebata, and Naohiko Mikami, Mol. Phys.. 103 (1 1/1 2),
1561-1572 (2005).
11
1 7･ A study on aromatic C-H...X (Ⅹ=N, 0) hydrogen bonds in 1 ,2,4,5-tetrafluorobenzene clusters
uslng in丘打ed spectroscopyand abinitio calculations, V. Venkatesan,Asuka Fujii,and Naohiko
Mikami, Chem. Phys. Let1., 409, 57-62 (2005).
I 8･ Determination of the EquilibriumStructure of the Charge-transfer State of (p-Cyanophenyl)
pentamethyldisilane by Means of Transient ln舟即℃d Spectroscopy, Haruki Ishikawa, Masuyuki
Sugiyama, Ippei Baba, Wat肌I Setaka, Mitsuo Kira, and Naohiko Mikami, J･ Phys･ Chem･, AIO9
(40), 8959-8961 (2005).
19･ Electronicand infrared spectroscopy of lbenzene-(methanol)｡】+ (n=1-6), Satoko Enomoto,
Mitsuhiko Miyazaki,Asuka Fujii,and Naohiko Mikami, J Phys. Chem., A109 (42), 947 1 -9480
(2005).
20･ Picosecond IR-UV pump-prove spectroscopic study on the intramOleular vibrational energy
redistribution ofNH2 and CH stretching vibrations of jet-cooledaniline, Yuji Yamada, Jun-iChi
Okano, Naohiko Mikami,and Tikayuki Ebata, J. Chem. Phys., 123, 1243 16-1-9 (2005).
21 I First observation of a dihydrogen bond involving the Si-H group in phenol-diethylmethyl･silaJle
clusters by in舟ared-ultraviolet resonance spectroscopy, Haruki Ishikawa, Akira Saito, Masuyuki
Sugiyama,and Naohiko Mikami, J. Chem. Phys., 123, 224309-1-5 (2005).
22･-　Electron localization in negatively charged formamide clusters studied by photodetachment
spectroscopy, Toshihiko Maeyama, Yuichi Negishi, Tatsuya Tsukuda, Izumi Yagi, and Naohiko
Mikami, Phys･ Chem･ Chem. Phys., 8, 827-833 (2006).
23･ IR laser manlpulation of Gis <-> trams isomeri2dion of 2lnaPhtholand its hydrogen-bonded clusters,
Kyouko Kouyama, Mistuhiko Miyazaki, Naohiko Mikami, and Tikayuki Ebata, J. Chem. Phys.,
124, 054315-1-8 (2006).
241 Complete Infrared Spectroscopic Characterization of Phenol-Borane-trimethylamine Dihydrogen
Bonded Complex inthe Gas Phase, a Naresh Patwari,Asuka Fujii, and Naohiko Miakmi, J Chem.
Pkys., 124, 241 10311-1 (2006).
25･ Magnitude of the CH/7E Interaction inthe Gas Phase: Expenmentaland TheoretiCalDetermination
ofthe Accurate Interaction Energy in BerLZene-methane, Kennta Shibasaki,Asuka Fuj ii, Naohiko
Mikami,and Seiji Tsuzuki, J Phys. Chem., A 110 (13), 4397-4404 (2006).
26･ Inbed spectroscopy of size-selected neutralclusters combined withvacuum-ultraviolet-
photoioniation mass spectroscopy, Yoshiyuki Matsuda, MayumiMori, Masaki Hachiya,Asuka
Fujii,and Naohiko Mikami, Chem. Phys. Letls., 422, 378138 1 (2006).
27･ Picosecond IR-UV Pump-Probe Study onthe Ⅵbrational Relaxation ofPhenol-Ethylene
Hydrogen-Bonded Clusters: Difference of Relaxation Routntate between the Donor and the
Acceptor Site Excitations, Yuj i Yamada, Masakam Kayano, Naohiko Mikami,and Tbkayuki Ebata,
J PkysI Chem., A Ilo (19) 6250-6255 (2006).
28･ Inhed and Electronic Spectroscopy of a Model System for the Nucleophilic Substitution
lntermediate inthe Gas Phase: The CIN V山ence Bond Formation inthe Benzene-Ammonia Cluster
Cation, Kenta MiZuSe,Asuka Fujii, and Naohiko Mikami, J. Pkys. Chem., A 110 (20) 6387-6390
(2006).
29･ Origin of the Attraction in Aliphatic C-HhHnteractions: In舟打ed SpectroscoplCand Theoretical
Characteri2ation of Gas-Phase Clusters ofAromatics withMethane, SoOichi Morita,Asuka, Fujii,
Naohiko Mikami,and Seiji Tsuzuki, J. Pkys. Chem., AllO (36), 1 0583-10590 (2006).
301 In舶red predissociation spectroscopy ofammomia cluster cations即H3)n'(n=2-4) produced by
vacuum-ultraviolet photoionization, Yoshiyuki Matsuda, MayumiMori, Masaki Hachiya,
Asuka Fujii, zLnd NチOhiko Mikami, J Chem･ P如･, 125, 164320-1-5 (2006).
3 I ･ In舟町ed Ⅵbrational Autodetaclmcnt Spectroscopy of Microsolvated BenzonitrileAnions,
Toshihiko Maeyama, izumi Yagi, Yasuhiro Murota,Asuka Fujii,and Naohiko Mikami, J Phys.
Chem., Al10 (51), 13712113716 (2006).
32･ Direct observation of the solvent reorientation dynamics in the "twisted" intramolecular
charge-transfbr process of cyanophenyldisilane-water cluster by transient infrared spectroscopy,
Haruki Ishikawa, Masuyuki Sugiyama, Watam Setalq Mitsuo Kira,and Naohiko Mikami,
PkysI Chem. Chem. PkysH 9, 1 17-126 (2007).
33･ Magnitudeand Nature of lneractionsin Benzene-X (X- Ethylenc and Acetylene) inthe Gas Phase:
Significantly Different CH/n Interaction ofAcety1ene as Compared withThose of Ethylene and
Methine, Kenta Shibasaki,Asuka Fujii, Naohiko Mikami,and Seiji Tsuzuki, J, Phys. Chem., A 111
(5) 753-758 (2007).
iii
34･ Compatibility between methanoIand water in thethree-dimensionalcage formation of
laTge-Sized protonated methanol-water mixed clusters, Ken-ichiro Suhara,Asuka Fuj ii, Kenta
Mizuse, Naohiko Mikami, and Jer-1aiKuo, J. Chem. PJD7S., 126, (2007) in press.
3 5 ･ Stimulated Raman spectroscopy combined withvacuum ultraviolet photoionization･
Application to jet-cooled methanol clusters as a new vibrational spectroscopIC method for
size-selected species inthe gas phase, Yoshiyuki Matsuda, Masaki Hachiya,Asuka Fujii,
Naohiko Mikami, Chem. Pわ札Letters, 423, (2007) in press･
36. Stepwise solvatochromism of ketyl anions inthe gas phase: Photodetachment excitation
spectroscopy of benzophenone and acetoph,enone radicalanions microsolvated withmethanol,
I. Yagi, T. Maeyama, A. Fujii, and N. Mikami, J･ Phys･ Chem･, A Ill, (2007) in press･
37･ Long Range Influence ofanExcess Porton onthe Architecture of the Hydrogen Bond Network
in Large-Sized Water Clusters, Kenta Mizuse,Asuka Fujii,and Naohiko Mikami, J･ Chem･
Phys., 126, (2007) in press.
和文総税･解説
1.気相大サイズ水素結合クラスターの赤外分光:水素結合ネットワークの段階的成長､
藤井朱鳥､三上直彦､ Bull. Soc. Nano Sell. andTech., Vo1 3 (2), 55-62 (2005).
. 2.分子内電荷移動反応におけるねじれ型構造変化と溶媒再配向過程-過渡赤外分光と量
子化学計算による構造決定-､石川春樹､杉山益之､瀬高渉､吉良満夫､三上直彦､





1. N. Mikami ,"IRIDissociation Spectroscopic Study on Hydrogen-bond Networks of Water Cluster
Cationsin Gas Phase'', XXVII European Congress on Molecular Spectroscopy, 511 0, September
2004, Krakow, Poland.招待講演(基調講演)
2. 4_. __FQjii, M. Miyazaki, and N. Mikami: ``IRISpeCtrOSCOpic study of hydrogen bonding structures of
benzene･water cationsM, Gordon Research Conference on Molecular and Ionic CIzASlers, September
5-10, 2004, ccntre Paul Langevin, Aussois, France.
3. N. Mikami. "IR spectroscopIC investigation of the network formation of hydrogen-bonded clusters
generated in supersonic molecular beams", Discussion Meeting on Advances in Spectroscopy
(DMAS 2005), Feb., 21124, 2005, Bangalore, India.招待講演(基調講演)
41 N･Mikami. HSpectroscopic Investigation onthe Intramolecular Charge-Transfer Reaction of
phenyldisilancs", Seminar at IIT Bombay, 25 Feb., 2005, Mumbai, India.招待講演
5. Y. Mur弧10tO. H. Ishikawa,and N･ Mikami, "First observation of the B IAI State OfSiH2 and SiD2
radicals by OODR spectroscopy", The 56th ohio State University lntemationalSymposiumon
Molecular Spectroscopy, June 21-25, 2004, Ohio State Univ. Columbus Ohio, USAl
6. Y. Muramoto, H. Ishikawa.and N. Mikami, "Analysis of the quasi-linearityofthe B IAI State Of
siH2 and SiD2 radicals", The 56dl ohio State UniversityIntemational Symposium on Molecular
Spectroscopy, June 21-25, 2004, Ohio State Univ. Coltmbus Ohio, USA･
7. M. Sugivama, H. Ishikawa, I. Baba, W. Setaka, M. Kira, aJld N･ Mikami, "Transient IR absorption
諾Lc.?,?･S,cX… 506fhth.ehi.Chs3:-UT=efeli宗tne.eOmfa.(iPo-nCLqoC,e.ns:i)Ae:TMeoTeycludliLi lsan器cban.ec.m,eyT,anwoi
2 1-25, 2004, Ohio State UmiV. Columbus Ohio, USA.
8. N. Mikami, "IR Spectroscopic Investigation of the Network Formation of Hydrogen-Bonded
Clusters in Supersonic Molecular BeamS'', Discussion Meeting on Advances in Spectroscopy
pMAS 2005), 21-24 Feburary, 2005, BaLngalore, India.招待講演
lV
9･慧忠霊:.r ,智fnct:ol::P.licalMce.thnfOee:nfcoerSize･Select d Molecular Clusters in Supersonic
on Malterials for Advanced Teclmologies (ICMAT
2005), 3-8 July, 2005, Singapore.招待許演
10･ A･ F鳴K･ Suhara, S･ Enomoto, K. MiZWe, M. Miyazaki, and N. Mikami, "a Dissociation
Spectroscopy of Hydrogen-Bond Network Structure of Water-Methanol Mixed Clusters",
FACIFICHEM Dec. 15120 (2005), Hawaii.招待講演1 1 ･ HW M･ Sugiyama, W･ Setaka, M･ Kira,and N･ Mikami, Spectroscopic hvestigation on
the lntramolecular Charge Trzmsfer Process of Cyanophenyldisilaneand its Solvated Clusters*
Transient IR Absorption Spectroscopy of the Charge-Transfer State", FACIFICHEM D弧1 5-20
(2005), Hawaii.招待講演
12･ M･ Su草地H･ Ishikawa, W･ Setaka, M･ Kira,and N･ Mikami, Transient fR Ab印rPtion
SpectroscOPy Ofthe Charge-Transfer State of (p{yanophenyl)p蝕tamathyldisilane aJld Its
ClustersM, Ohio State UniversityhternationalSymposiumon Molecular Spectroscopy, Jtme 20-24,
2005, Columbus OH, USA.
13･工迦Y･叫and N･ Mikami,瑠tudy on ⅣR of X-H s廿Fchingvibrations of aromatic
molecules andtheir H-bonded clusters by picosecond IR-UV pump-probe spectroscopy in a
supersomic beam", InCIFICHEM Dec. 15-20 (2005), Hawaii.招待講演
14･地政K･ Suhara, K･ Mizuse,and N･ Mikami, …Microscopic compatibilhy between waterand
methan01inthe hydrogen bond netwo止development", FACIFICHEM Dec. 15120 (2005), Hawaii.
招待講演
15･ N･ Mikami, "W旭we have leamed斤omthe spectroscopy on hydrogen-bonded clustersM, Sendai
Intemational Symposiumon Molecular Cluster Spectroscopy, 29-30, May, 2006, Sendai, Japan.招
待講演
16･ H･ Ishikawa, M. Sugiyama. W. Setaka, M. Kira,and N. Mikami, neorientation of Solvent
Moleculesinthe lntramolecularCharge-Transfer Reaction of Solvated Cyamophenyldisilane
ClustersM, 61如ohio State UniversityIntemationalSymposiumon Molecular Spectroscopy, June
19-23, 2006, Columbus 0H, USA.招待講演
17l H･ Ishikawa, Y Mwamo虹and N･ Mikami,砧Large Parity Splitting as Indication of the HCP <->
CPH仏IsomerizationM, 61丸ohio State UniversityInternationalSymposiumom Molecular
Spectroscopy, June 1 9123, 2006, Columbus OH, USA.
1 8･地政K･ Suhara, K･ Mizwe, N･ Mikami, and Jer-LaiKuo, "Microscopic compatibilitybetween
waterand methan01inthe hydrogen bond network development in protonated clusters", 6 lst Ohio
State Umiversity InternationalSymposium on Molecular Spectroscopy, June 19123, 2006,
Columbus OH, USA.
19l M･ H叫Y･ Matsuda, M･ Mori, AI Fujihand N･ Mikami, "In触d Spectroscopy of
Size一班lected Neutraland CatiomiCAmonia Clusters combinedwithVacuum_Ultraviolet_
Photoionization Mauss spectroscopyM, 61d ohio State UniversityInternational Symposium on
MolecularSpeC廿oscopy, June 1 9-23, 2006, Columbus OH, USA.
20･ K･ Suh叫A･ Fujii,and N･ Mikami, "In触ed Spectroscopy of Protonated Methanol-Water
Clusters = Effects of Heter0-moleculesinHydrogen Bond NetwodF", 61武ohio State University
IntemationalSymposiumon Molecular Spectroscopy, Jtme 1 9-23, 2006, Columbus OH, USA.
21･ K･ Miaはq AI Fujii,and N･ Mikami, "In加代dand Electronic Specbscopy of lC6H6m11,)n】+:
Identincation of the nucleophilic substitution intermediate having a newly formed C-N valence
bondn･ 61釦ohio State UniversityhtemadonalSymposium on Molecular Spectroscopy, Jurk 1 9-23,
2006, Columbus OH, USA.
22･ G Nare血Patwam A･ Fujii, and N･ Mikami, "Complete lnlbed Spectroscopic Characterization of
Phenol-Borane.Trimethylamine Dihydrogen-Bonded Complex inthe Gas Phase", 61飢ohio State
UniversityIntemationalSymposiumon Molecular Spectroscopy, June 19123, 2006, Columbus OH,
USA.
23･ N･ Mik肌L "川gh･resolution in加代d spectroscopic study on intra咋luster dynamics of hydrogen
Jonded systemsH･ FirstAsianSpeC廿oscopy Conference &Asiam Biospectroscopy Conference
(ASC2007), Jan･ 29th -Feb･ 2Td , 2007, IISc･ B叫如orc, Bangalore India.招待詳演
24･ N∴Mkami･山Spectroscopic study of hydrogen-bondsingas pha陀", Seminarat lndira Gandhi
Center for Atomic Research (IGCAR), Feb･ 5dl , 2007, Kalpakkam, India.招待講演
25･ A･ F叫"In舟町ed speC廿oscopy of large-sized protonated cluster cations" Seminaire du Laboratoire



























ーにおける水素結合ネットワークの赤外分光｣､分子構造総合討論会2 0 0 5､2005年9
月27-30日､東京.
5.柴崎健太､藤井朱鳥､三上直彦､都築誠二､ ｢MATI分光法と高度ab initio計算によるCH-7(
相互作用エネルギーの決定｣､分子構造総合討論会2 0 0 5､ 2005年9月27-30日､東
京.
6.杉山益之､石川春樹､瀬高渉､吉良満夫､三上直彦､ ｢分子内電荷移動反応に伴うミクロ
な溶媒和効果-シアノフェニルジシランの過渡赤外分光｣､分子構造総合討論会2 0 0 5､
2005年9月27-30日､東京.
7.水瀬賢太､藤井朱鳥､三上直彦､ ｢巨大サイズプロトン付加水クラスターの質量選別赤外













1.序　　　　･ . ･ ･
2.主要成果　　･ ･
3.主要研究成果の概説














(4)関連研究　　　　　･ ･ ･ ･ I ･ ･ ･ ･ ･ ･ ･ ･ ･ ･ ･ ･
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(b)赤外光電子脱離分光によるベンゾ二トl)ル負イオンのミクロ溶媒和構造





































































造解析を行った｡公表論文: I C:Bcm. jnys.
･水素結合体のイオン化による化学反応中間体生成を初めて分光計測することに成功し､
ベンゼン･アンモニア系において芳香族求核置換反応中間体イオンの構造を解析した｡
公表論文: I jnys. 曲em.
･新奇水素結合として注目されている芳香族CH基と受容体Ⅹ (Ⅹ-N, 0)における
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質量限界も2 00 0anlu迄になったので､図23に示すように水クラスター1 0 0畳体を超
える計測範囲となった｡
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